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Abstract The aim was to investigate the contribution
of familial risk to externalizing behaviors (FR-EXT),
perceived parenting styles, and their interactions to the
prediction of externalizing behaviors in preadolescents.
Participants were preadolescents aged 10–12 years who
participated in TRAILS, a large prospective population-
based cohort study in the Netherlands (N = 2,230).
Regression analyses were used to determine the relative
contribution of FR-EXT and perceived parenting styles to
parent and teacher ratings of externalizing behaviors. FR-
EXT was based on lifetime parental externalizing psy-
chopathology and the different parenting styles (emotional
warmth, rejection, and overprotection) were based on the
child’s perspective. We also investigated whether different
dimensions of perceived parenting styles had different
effects on subdomains of externalizing behavior. We found
main effects for FR-EXT (vs. no FR-EXT), emotional
warmth, rejection, and overprotection that were fairly
consistent across rater and outcome measures. More spe-
ciﬁc, emotional warmth was the most consistent predictor
of all outcome measures, and rejection was a stronger
predictor of aggression and delinquency than of inattention.
Interaction effects were found for FR-EXT and perceived
parental rejection and overprotection; other interactions
between FR-EXT and parenting styles were not signiﬁcant.
Correlations between FR-EXT and perceived parenting
styles were absent or very low and were without clinical
signiﬁcance. Predominantly main effects of FR-EXT and
perceived parenting styles independently contribute to
externalizing behaviors in preadolescents, suggesting FR-
EXT and parenting styles to be two separate areas of
causality. The relative lack of gene–environment interac-
tions may be due to the epidemiological nature of the
study, the preadolescent age of the subjects, the measure-
ment level of parenting and the measurement level of FR-
EXT, which might be a consequence of both genetic and
environmental factors.
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Introduction
The importance of nature (genetic vulnerability) and nur-
ture (environment) in the development of behavioral traits
has been widely accepted over the last 50 years [28]. In
recent years, the interest of researchers in developmental
psychopathology has shifted from assessing the relative
contribution of genetic and environmental inﬂuences to
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DOI 10.1007/s00787-009-0086-8investigating the role of gene–environment correlation and
gene–environment interaction in the causation of devel-
opmental psychopathology.
The results of twin and adoption studies suggest that
genetic factors contribute to the development of external-
izing behaviors [13, 14, 31, 42], with heritability estimates
of between 0.51 and 0.80 for broad externalizing behaviors,
and of about 0.75 for attention problems and overactivity.
However, many risk factors, including genetic factors, are
not disorder-speciﬁc [14, 16]. High levels of comorbidity
among ADHD, ODD and CD are found [8], which is likely
to be due to a substantial degree of shared genetic liability,
either operating directly, or indirectly through gene–envi-
ronment correlations or interactions [24]. After controlling
for the overlap between internalizing and externalizing
symptoms, familial risk to externalizing behaviors (FR-
EXT) is speciﬁcally associated with externalizing but not
with internalizing psychopathology in the offspring [26]. In
line with earlier studies [9, 25, 26, 43], we used a proxy for
familial risk, which was based on data concerning life time
parental externalizing psychopathology. Since the herita-
bility of externalizing disorders is relatively high, and the
etiologic contribution of common environmental risk fac-
tors to externalizing disorders is relatively modest, we may
assume that mostly genetic factor drive the FR-EXT
measure. Note that this familial risk might be a conse-
quence of both genetic and environmental factors [39].
However, environmental inﬂuences (e.g. parenting
styles) are also important to the causation of externalizing
behaviors. A myriad of parenting styles and dimensions has
been extensively studied since the 1930s [41]. As docu-
mented in several inﬂuential reviews [18], warm and
accepting parenting styles are consistent predictors of
favorable developmental outcomes in children, whereas
hostility and rejection predict unfavorable outcomes.
Adolescents who perceived a lack of parental warmth and
high levels of rejection and overprotection exhibited more
broad-band externalizing behaviors, aggressive behaviors,
and delinquent behaviors [35]. Furthermore, perceived
parental rejection was found to be the strongest predictor of
the level of hostility in adolescents and adults [20], and of
aggression/delinquency and attention problems [4].
Socialization research has mainly focused on ﬁnding
connections between variation in child rearing and behav-
ioral outcome in genetically related parent–child dyads.
However, these associations between child-rearing styles
and behavioral outcomes may be ‘‘spurious’’ (noncausal)
[34] because genetic effects may cloud the interpretation of
ﬁndings. First, the effect of genetic risk can be indirect,
indicating that the effect of poor parenting may actually
be the effect of susceptibility genes, or vice versa [27,
36]. The results of child-centered studies suggest that
(retrospectively) perceived rearing styles are genetically
inﬂuenced [29, 32, 33]. More speciﬁc, perceptions related
to warmth in the family are genetically affected to a greater
extent than perceptions of control. Second, children may
differ—as a function of their personality and/or FR—in
their susceptibility to rearing inﬂuences [6]; indicating
heightened susceptibility to the negative effects of risky
environments and to the beneﬁcial effects of supportive
environments [5, 6]. Therefore, research on gene–envi-
ronment interaction effects of parenting and child charac-
teristics may provide more insight into the complexity of
child development.
In this study, we aimed to replicate and extend earlier
research regarding the effects of FR-EXT and parenting
styles on externalizing behaviors. We used the child’s
perspective of parenting practices, because the child’s
beliefs about parental behavior seem to have more inﬂu-
ence on its social adjustment than the parents’ perspective
of their own parenting behavior [12]. In order to avoid
shared rater effects, we used parent’s and teacher’s eval-
uation of externalizing behaviors. By using measures for
FR-EXT and perceived parenting styles in the same model,
we could control for genetic inﬂuences on parenting and
determine whether FR-EXT affects the way children
respond to given environmental conditions [30]. Further-
more, many studies have focused on gene–environment
interaction in antisocial behavior [21] and less in other
domains of externalizing psychopathology. We attempted
to answer the following questions:
1. does FR-EXT increase the risk of externalizing
behaviors,
2. do perceived parenting styles [(lack of) emotional
warmth, rejection, and overprotection] increase the
risk of externalizing behaviors, and is a speciﬁc
parenting style associated with speciﬁc externalizing
behaviors, and
3. are children who have a FR-EXT differential suscep-
tible to speciﬁc parenting styles with regard to
externalizing behaviors?
Methods
Sample
The subjects were participants of the TRacking Adoles-
cents’ Individual Lives Survey (TRAILS), a prospective
cohort study of Dutch preadolescents who will be measured
biennially until they are at least 25 years old. The key
objective of TRAILS is to chart and explain the develop-
ment of mental health from preadolescence into adulthood,
in terms of underlying vulnerability and environmental
risk. Participants were 10 to 12 years old and lived in the
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123three largest cities and some rural areas in the north of the
Netherlands. A detailed description of the sampling pro-
cedure and methods is provided elsewhere [11].
Brieﬂy, the present study involves the ﬁrst assessment
wave of TRAILS, which ran from March 2001 to July
2002 [9, 11, 25, 43]. Of all children approached for
enrollment in the study (i.e., children selected by the
municipalities and attending a school that was willing to
participate; N = 3,145 children from 122 schools, with
90.4% of the schools responding), 6.7% were excluded
because of incapability or language problems. Of the
remaining 2,935 children, 76.0% were enrolled in the
study, yielding a sample size of 2,230. Both the child and
the parent consented to participate. The mean age of the
children was 11.09 years (SD = 0.55), 50.8% were girls,
10.3% were children who had at least one parent born in a
non-Western country, and 32.6% of children had parents
with a low educational level (i.e., a lower track of
secondary education was the highest level attained).
Responders and non-responders did not differ with respect
to the prevalence rates of psychopathology and associa-
tions between sociodemographic variables and mental
health outcomes [11].
Data collection
Well-trained interviewers visited one of the parents (pref-
erably the mother, 95.6%) at home to administer an inter-
view covering a wide range of topics, including the child’s
developmental history and somatic health, parental psy-
chopathology, and care utilization. Besides the interview,
the parent was also asked to ﬁll out a written questionnaire.
Children were evaluated at school, where they ﬁlled out
questionnaires in groups, under the supervision of TRAILS
assistants, and were assessed individually. Teachers were
asked to ﬁll out a brief questionnaire for each TRAILS
child in their class. Measures that were used in the present
study are described below.
Familial risk to externalizing behaviors (FR-EXT)
Five dimensions of lifetime parental psychopathology were
assessed (depressive disorders, anxiety disorders, substance
dependence, antisocial behavior, and psychosis), using the
TRAILS Family History Interview (FHI), which was
administered at the parent interview [26]. Each dimension
was introduced with a vignette describingthe mainDSM-IV
[3] characteristics of the psychopathology, followed by a
seriesofquestionstoassesslifetimeoccurrence,professional
treatment, and medication use. Both biological parents were
assessed during the interview, using a single informant,
typically the mother. For each spectrum, the parents were
assigned to one of the categories 0 = (probably) never had
an episode, 1 = (probably) yes, or 2 = (probably) yes and
treatment and/or medication were provided. For antisocial
behavior, the last category was 2 = (probably) yes and
picked up by the police. Prevalence rates in mother and
fathers, respectively, were, for depression 27 and 15%, for
anxiety 16 and 6%, for substance dependence 3 and 7%, and
for antisocial behavior 3 and 7%. The FHI rates were by and
large comparable to the CIDI-DSM-IV lifetime rates
obtained by direct interviewing in NEMESIS [7]; the
exception being fathers’ rates for anxiety disorder and sub-
stancedependencethatwere40%toolow[9,26,43].Wedid
not focus on parental psychosis, depressive and anxiety
disorders.
The construction of FR-EXT was based on the reported
path coefﬁcients regarding substance abuse and antisocial
behavior by Kendler et al. [16], who performed multivar-
iate twin modeling to investigate the structure of genetic
risk for common psychiatric and substance use disorders.
Since twin studies provide compelling evidence that the
familial transmission of alcohol and drug dependence and
adult antisocial behavior is attributable to a highly heritable
general vulnerability that contributes to a spectrum of
externalizing behaviors (h
2 = 0.80) [10, 14, 16], we com-
bined the coefﬁcients reported by Kendler et al. [16] for
alcohol dependence and drug abuse/dependence to create
the variable substance abuse/dependence (SAD), and
likewise we created the variable antisocial behavior (ASB)
by combining the coefﬁcients for antisocial behavior and
conduct disorder. Subsequently, FR-EXT scores were
computed by ﬁlling in the following regression equation:
FR-EXT for externalizing behaviors = SAD mother ? -
SAD father ? ASB mother ? ASB father, FR-EXT ran-
ged from 0 to 8 (skewness 3.78, kurtosis, 17.63). The
empirical justiﬁcation for the construction of FR-EXT is
provided elsewhere [26]. To enhance comparison with
other TRAILS reports [9, 25, 43], missing values (N = 67)
were replaced by the sample mean (0.18). Two groups
were created on the basis of the distribution of FR-EXT
(total N = 2,230); children with no FR-EXT (82.2%) and
children with FR-EXT (17.8%). In the regression analyses,
these two groups were used as a dummy variable.
Perceived parenting styles
The Egna Minnen Betra ¨ffande Uppfostran (My Memories
of Upbringing) for Children [EMBU-C] [19] was devel-
oped to assess children’s and adolescents’ perception of
parents’ rearing practices. The original EMBU-C contained
81 items. Markus et al. [19] developed a shorter version,
which we used but without the favoring subject factor. We
omitted this scale prior to administration, due to an internal
consistency below 0.60. Each item, scored on a 4-point
scale (1 = no, never, 2 = yes, sometimes, 3 = yes, often,
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1234 = yes, almost always), was presented for both the father
and the mother. The EMBU-C contains the factors emo-
tional warmth, rejection, and overprotection. The main
concepts of emotional warmth are giving special attention,
praising approved behavior, unconditional love, and being
supportive/affectionately demonstrative. An example of an
item is: ‘Do your parents make it obvious that they love
you?’. Rejection is characterized by hostility, punishment
(physical or not, abusive or not), and derogation and
blaming of the child. An example of an item is: ‘Do your
parents sometimes punish you even though you haven’t
done anything wrong?’ Overprotection is characterized by
fearfulness and anxiety for the child’s safety, guilt engen-
dering, and intrusiveness. An example of an item is: ‘Are
your parents concerned about what you do after school
hours?’
Principal component analysis with three factors (emo-
tional warmth, rejection and overprotection) as criterion,
followed by VARIMAX rotation, mainly conﬁrmed the
results by Markus et al. [19]. All items loaded on the
designated scale, with the exception of ﬁve items of
the rejection scale (the items 8, 24, 35, 71, and 76 in the
article of Markus et al. [19], which were rejected because
they had loadings lower than 0.30 or had a loading that
differed by less than 0.10 with the second highest loading.
In the study by Markus et al. [19], the items had rela-
tively low loadings, on average 0.36. The three factors
explained 34.0 and 32.5% of the variance in the ratings
on fathers and mothers.
The scale for emotional warmth contained 18 items
with a = 0.91 for both fathers and mothers; the rejection
scale contained 12 items with a = 0.84 for fathers and
a = 0.83 for mothers, and the overprotection scale con-
tained 12 items with a = 0.70 for fathers and a = 0.71
for mothers. The answers for both fathers and mothers
were highly correlated (r = 0.79 for emotional warmth,
0.67 for rejection, and 0.81 for overprotection), so we
felt it was justiﬁed to combine them. The test–retest
stability of a shortened version of the EMBU-C (10-item
scales) over a 2-month period is satisfactory, rs = 0.78
or higher [22]. Earlier studies have reported on the
validity and cross-cultural equivalence of the EMBU-C
[19].
Externalizing behaviors
Externalizing behaviors were assessed with the Child
Behavior Checklist (CBCL), one of the most commonly
used questionnaires in current child and adolescent psy-
chiatric research [1, 44]. It contains a list of 112 behavioral
and emotional problems which parents can rate as 0 = not
true, 1 = somewhat or sometimes true, or 2 = very often
true in the past 6 months. In addition to the CBCL, we
administered the Teacher’s Checklist of Psychopathology
(TCP). The TCP contains descriptions of problem behav-
iors corresponding to the syndromes scored with Achen-
bach’s Teacher Report [11]. Response options range from 0
(not applicable) to 4 (very clearly or frequently applicable).
In this study, we focused on the CBCL syndromes attention
problems (a = 0.81), aggressive behavior (a = 0.89), and
delinquent behavior (a = 0.68). Consistent with other
reports [2], the agreement between parent-reported and
teacher-reported problems was only moderate (r = 0.47
for inattention, r = 0.37 for impulsivity/hyperactivity,
r = 0.32 for aggression and r = 0.27 for delinquency). We
feel that the two informants perceive different aspects of
problem behavior and that differences between informants
are meaningful.
Statistical analyses
To obtain comparable regression coefﬁcients, z scores were
used for all dependent variables and parenting style vari-
ables. All analyses were performed using the Statistical
Package for the Social Sciences (SPSS for Windows, ver-
sion 14.0).
Sex differences were examined by means of t tests;
associations between variables by means of Pearson cor-
relations. Multiple linear regression analyses were used to
determine the relative contribution of FR-EXT, emotional
warmth, rejection, overprotection and gender to parents’
and teachers’ ratings of inattention, hyperactivity/impul-
sivity, aggression, and delinquency. Interaction terms
between FR-EXT and perceived parenting styles were also
entered into the regression models.
Multicollinearity was not present in our data (greatest
VIF value is 1.81 for the predictor parental rejection).
All analyses were repeated without implementing FR-
EXT data. The results of the t tests, Pearson correlations,
multiple regression analyses were largely comparable. This
indicates that the likelihood of a bias due to implementing
data is small [15].
Results
Descriptives
Table 1 contains means and standard deviation of FR-EXT,
parent- and teacher-rated externalizing behaviors and per-
ceived parenting styles, separately for boys and girls.
Except for FR-EXT, all variables showed signiﬁcant sex
differences. Boys scored higher on all behavioral domains,
indicating more problem behavior. Girls perceived more
emotional warmth, and less rejection and less overprotec-
tion than boys.
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externalizing behaviors
Pearson correlations between the predictors (FR-EXT,
emotional warmth, rejection, overprotection, and gender)
and the dependent measures are summarized in Table 2.
FR-EXT, rejection and overprotection were positively
correlated with all dependent variables. Thus children with
higher levels of FR-EXT showed more externalizing
behaviors, as did children with higher levels of parental
rejection and overprotection. Emotional warmth was neg-
atively correlated with all dependent variables, indicating
that children who perceived less parental emotional
warmth showed more problem behavior, or conversely,
children who perceived more parental warmth showed less
problem behavior.
FR-EXT was not related to emotional warmth or
rejection, but was very weakly related to overprotection
(r = 0.04), which indicates that there was no gene–envi-
ronment correlation. Furthermore, overprotection was
positively related with rejection (r = 0.36, p\0.001) and
emotional warmth (r = 0.18, p\0.001), and rejection was
negatively related with emotional warmth (r =- 0.36,
p\0.001).
Multivariate models of inattention, hyperactivity,
and impulsivity
Multiple linear regression analysis showed that FR-EXT,
perceived parental styles and gender together explained
11% of the variance in parent-reported inattention
(Table 3). There were main effects of FR-EXT (vs. no
FR-EXT) (Fig. 1), emotional warmth, rejection, and
overprotection, and gender, with boys having higher
scores than girls. No signiﬁcant interaction effects were
found.
The model explained 9–12% of the variance in teacher-
rated inattention and hyperactivity/impulsivity. Main
effects were found for FR-EXT, emotional warmth, over-
protection, and gender. Two signiﬁcant interactions were
found for teacher-rated hyperactivity/impulsivity. A posi-
tive interaction effect was found between FR-EXT and
Table 1 Sex differences in familial risk to externalizing behaviors, perceived parenting styles and externalizing behavior
Variable Boys Girls Difference
M SD NMSD N T df p
FR-EXT vs. no FR-EXT 0.15 0.36 1,056 0.15 0.36 1,107 0.02 2,161 0.89
Emotional warmth -0.10 1.02 1,082 1.00 0.97 1,124 23.33 2,204 \0.001
Rejection 0.11 1.06 1,082 -1.09 0.93 1,123 27.33 2,203 \0.001
Overprotection 0.06 1.03 1,082 -0.06 0.97 1,123 7.97 2,203 \0.01
CBCL inattention 0.17 1.03 1,010 -0.17 0.94 1,043 60.88 2,051 \0.001
CBCL aggression 0.14 1.07 1,011 -0.13 0.91 1,043 37.43 2,052 \0.001
CBCL delinquency 0.20 1.11 1,011 -0.19 0.84 1,043 82.86 2,052 \0.001
TCP inattention 0.20 1.07 934 -0.19 0.89 993 76.83 1,925 \0.001
TCP hyperactivity 0.29 1.13 935 -0.28 0.76 993 169.81 1,926 \0.001
TCP aggression 0.25 1.24 934 -0.23 0.80 992 116.92 1,924 \0.001
TCP delinquency 0.19 1.19 934 -0.18 0.73 992 70.42 1,924 \0.001
FR-EXT familial risk to externalizing behaviors, CBCL child behavior checklist, TCP teacher’s checklist of psychopathology
Table 2 Bivariate correlations between familial risk to externalizing behaviors, perceived parenting styles and externalizing behavior
Variable FR-EXT CBCL-Inatt TPC-Inatt TCP-HA/IMP CBCL-Aggr TCP-Aggr CBCL-Deli TCP-Deli
FR-EXT - 0.15** 0.12** 0.12** 0.13** 0.14** 0.16** 0.14**
Emotional Warmth ns -0.17** -0.19** -0.13** -0.16** -0.13** -0.15** -0.11**
Rejection ns 0.20** 0.15** 0.16** 0.27** 0.13** 0.23** 0.08**
Overprotection 0.04* 0.12** 0.10** 0.10** 0.13** 0.10** 0.11** 0.07**
FR-EXT familial risk to externalizing behaviors, CBCL child behavior checklist, TCP teacher’s checklist of psychopathology, Inatt inattention,
HA/IMP hyperactivity/impulsivity, Aggr aggression, Deli delinquency, ns not signiﬁcant
* p\0.05; ** p\0.01 (two-tailed)
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123rejection, indicating that children with FR-EXT were more
vulnerable for parental rejection in exhibiting more
hyperactive and impulsive behavior than children with no
FR-EXT (Fig. 2). In contrast, a negative interaction effect
was found between FR-EXT and overprotection. This
means that the effect of parental overprotection was
stronger for children with no FR-EXT, than for children
with FR-EXT (Fig. 3).
Multivariate models of aggressive behavior
The models explained 11 and 10% of the variance in
aggressive behavior reported by parents and teachers,
respectively (Table 2). Main predictors of parent-rated
aggression were FR-EXT, emotional warmth, rejection,
overprotection, and gender. Main predictors of teacher-
rated aggression were FR-EXT, emotional warmth, over-
protection, and gender.
Table 3 Multiple regression analyses, for each separate (standardized) dependent variable and informant
Variable CBCL-Inatt
R
2 = 0.11
TPC-Inatt
R
2 = 0.09
TCP-HA/IMP
R
2 = 0.12
CBCL-Aggr
R
2 = 0.11
TCP-Aggr
R
2 = 0.10
CBCL-Deli
R
2 = 0.12
TCP-Deli
R
2 = 0.08
FR-EXT vs. no FR-EXT 0.42 (0.06)** 0.22 (0.06)** 0.25 (0.06)** 0.36 (0.06)** 0.32 (0.06)** 0.47 (0.06)** 0.38 (0.06)**
Emotional warmth -0.11 (0.03)** -0.18 (0.03)** -0.11 (0.03)** -0.07 (0.03)** -0.11 (0.03)** -0.07 (0.03)* -0.12 (0.03)**
Rejection 0.09 (0.03)** 0.02 (0.03) 0.04 (0.03) 0.22 (0.03)** -0.03 (0.03) 0.17 (0.03)** -0.04 (0.03)
Overprotection 0.11 (0.03)** 0.11 (0.03)** 0.09 (0.03)** 0.06 (0.03)* 0.09 (0.03)** 0.05 (0.03) 0.07 (0.03)**
FR-EXT 9 emotional warmth -0.10 (0.07) 0.03 (0.07) 0.11 (0.06) -0.10 (0.07) 0.05 (0.07) -0.07 (0.07) 0.05 (0.07)
FR-EXT 9 rejection 0.07 (0.07) 0.04 (0.07) 0.15 (0.07)* -0.08 (0.07) -0.01 (0.07) 0.01 (0.07) 0.16 (0.07)*
FR-EXT 9 overprotection -0.04 (0.07) -0.02 (0.07) -0.14 (0.06)* 0.07 (0.07) 0.00 (0.07) 0.02 (0.07) 0.02 (0.07)
Boys vs. girls 0.27 (0.04) 0.34 (0.04)** 0.53 (0.04)** 0.19 (0.04)** 0.44 (0.04)** 0.33 (0.04)** 0.35 (0.05)**
Values are expressed as B (SE)
FR-EXT familial risk to externalizing behaviors, CBCL child behavior checklist, TCP teacher’s checklist of psychopathology, Inatt inattention, HA/IMP hyper-
activity/impulsivity, Aggr aggression, Deli delinquency
* p\0.05; ** p\0.01
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123Multivariate models of delinquent behavior
Parent-rated delinquent behavior could be explained
by FR-EXT, emotional warmth, rejection, and gender
(Table 2). These factors together explained 12% of the
variance. The results for teacher-rated delinquent behaviors
were comparable: FR-EXT, low levels of emotional
warmth, high levels of overprotection, and male gender
were main risk factors. One interaction effect was found
between FR-EXT and rejection: children with FR-EXT
were more vulnerable for parental rejection in showing
more delinquent behavior than children with no FR-EXT.
Discussion
The study was set up on the premise that familial risk to
externalizing behaviors (FR-EXT) and perceived parenting
styles are main predictors of externalizing behaviors in
preadolescents, and interact with each other. In line with
earlier studies [9, 26, 43], we found FR-EXT to be a risk
factor for externalizing behaviors in preadolescents, as
evidenced by signiﬁcant bivariate correlations between FR-
EXT and all seven dependent measures of externalizing
behaviors. In addition, in multivariate analyses, we found
that FR-EXT was a main risk factor for the whole range of
externalizing behaviors.
Beside the main effect of FR-EXT, three perceived
parenting styles (emotional warmth, rejection, and over-
protection) were found to be main predictors of
externalizing behaviors, even after adjustment for other
predictors in our multivariate models. In general, preado-
lescents who perceived a lack of parental emotional
warmth, and high levels of parental rejection and over-
protection were described as being more inattentive,
aggressive, and delinquent by both parents and teachers.
These ﬁndings are in line with other research [35]. In
addition, perceived parental rejection had a greater effect
on aggression and delinquent behavior than on inattention,
impulsivity, and hyperactivity [23]. However, the effect of
perceived parental rejection was present for parent-rated
and not teacher-rated behavior. This ﬁnding may be
explained by the fact parents and children are 50% genet-
ically related. Therefore, the genetic inﬂuences of parent’s
and children’s behavior may interact with each other and
evoke negative parenting, which in turn, increases the
likelihood of behavioral problems.
Our study design enabled us to determine the presence
of gene–environment correlation and interaction on exter-
nalizing behaviors. We did not ﬁnd correlations between
FR-EXT and parental emotional warmth or rejection, and
only a weak correlation between FR-EXT and parental
overprotection. This indicates that FR-EXT and parenting
styles seem to be two independent dimensions. This ﬁnding
is in contrast with the idea that people modify and select
their own environments, which results in (re)active gene–
environment correlations [37, 38]. With regard to the
moderating effects, we entered three interaction terms in
seven multivariate analyses, and found three to be signiﬁ-
cant. Although this number of signiﬁcant interactions is at
change level (n = 21, test proportion 0.05, p\0.10 by
binomial test), these interactions seem to be meaningful.
The interactions between FR-EXT and perceived parental
rejection was signiﬁcant for both teacher-rated hyperac-
tivity and teacher-rated delinquency. This indicates that
children with FR-EXT are more susceptible for parental
rejection in showing more hyperactive/impulsive and
delinquent behavior than children with no FR-EXT.
Another interaction between FR-EXT and overprotection
was signiﬁcant for teacher-rated hyperactivity/impulsivity,
indicating that children with no FR-EXT were more sus-
ceptible for parental overprotection. These ﬁndings are
similar to results reported in studies of temperament–
environment interactions, and problem behavior [25, 43]:
perceived parental rejection and overprotection interacted
both with temperament in predicting depressive and
delinquent behaviors in preadolescence, respectively.
Our unexpected ﬁnding, that virtually no gene–envi-
ronment correlation and only a few gene–environment
interactions were present, may be explained in several
ways. First, FR-EXT was deﬁned at a phenotypic level and
was based on family history as a proxy for genetic vul-
nerability. With the caveat in mind that FR-EXT may
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Fig. 3 Interaction effect between familial risk to externalizing
behaviors (FR-EXT) and parental overprotection as predictor for
teacher-reported hyperactivity and impulsivity. Note The Y-axis
represent the predicted means of the standardized TCP score, the X-
axis the standardized score on the speciﬁc subscale of the EMBU
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123reﬂect both genetic and environmental inﬂuences, the
availability of DNA analysis in the next future will allow
us to reﬁne our analyses by including genetic polymor-
phisms as risk factors. Second, the use of family history
interviews, when compared with direct interviews of rela-
tives, may have led to underreporting of lifetime parental
psychopathology, and thus underestimation of associations
is possible [26]. However, except for father’s rate for
substance dependence, our prevalence rates were compa-
rable to life time rates obtained by direct interviewing [7].
Third, we used a community sample, covering a wide range
of environments and parenting styles; however, speciﬁc
environments or parenting styles may have a more negative
impact than other environments or styles [34, 40]. There-
fore, future studies should include clinical samples and
more extreme parenting styles. Fourth, we evaluated par-
enting style in terms of the child’s perception, which may
have been inﬂuenced by the child’s own FR-EXT. Though
the level of FR-EXT is reported by the parent, the genetic
make-up of the child may be related with their own mental
representation regarding parenting styles of their parents.
In that way the genetic make-up of the child is discounted
in the perception of the child, which may have resulted in
and underestimation of gene–environment correlations.
Lastly, we looked at the effect of perceived parenting in
preadolescents but greater effects may be found in younger
children [6, 17]. Moreover, it should be borne in mind that
attention problems, aggression, and delinquent behavior
are heterogeneous problem behaviors that may have dif-
ferent biological and etiological backgrounds.
Conclusion
FR-EXT and perceived parenting styles independently
affected the expression of parent- and teacher-rated exter-
nalizing behaviors and can be seen as two relatively
independent areas of causation in a population based
sample of preadolescents. However, some environmental
moderation of FR-EXT is present, albeit of a small effect.
Further research is necessary to study whether our ﬁndings
hold for more extreme forms of parenting styles and for
longitudinal analyses of externalizing behaviors throughout
adolescence.
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